THE VIBRATIONAL
ISOCOORDINATE RULE IN
SE-AS-GE GLASSES

norganic glasses are among the most widely used classes of Figure 1 shows the Generalized Vibrational Density of
Imaterials, yet they remain poorly understood at the atomic States (GVDOS) measured by neutron TOF inelastic scattering
level, because the lack of long-range atomic order makes it difffor several Se-As-Ge glasses. Some data sets were measured at
cult to obtain detailed information. Drawing unifying concepts NCNR using the Fermi Chopper Spectrometer (FCS) and some at
from data on many materials, and identifying exceptional caseshe IN4 TOF spectrometer at ILL. There are two or three curves
that can have potential value to technology, are the goals of a for each value of k> which correspond to the compositions indi-
neutron scattering program at the NCNR. cated in the figure caption. The data et < 2.4 are particularly

Chalcogens ( S, Se or Te) combined with Column IVB orremarkable in that they include /&g, having a nearly 2-D net-

VB elements form a large variety of covalent systems which ~ work and GgSe, which has a network closer to

readily form glasses when quenched from the melt [1]. They 3-D in character. The energy bands below 20 meV are nearly
offer a wide range of optical and electronic applications. For identical. Near 25 meV the VIR breaks down since the tetrahe-
example, transmission bands in the infrared region of the dral breathing mode appears in the Ge glass but not in the As
spectrum permit applications such as fibers for IR laser surgengne, i.e. the short range order of the network matters for this
cutting and welding, night-vision devices, etc. which are based
on selecting materials to optimize transmission in a particularly
useful IR band. Chalcogenide glasses are also used in extrem
fast switching devices, in X-ray imaging, and in imagers for
video cameras. In terms of basic physics, these materials pres:
a fertile testing ground for studying the effect of network
topology on glass properties.

In the Se-As-Ge system, Se atoms are almost always co'
lently bonded to two other atoms, while As and Ge are respec-
tively almost always 3- and 4-coordinated. An isocoordinate rul —
is one that identifies a property of a multicomponent covalent E
network glass system that stays constant for all compositions =
which have the same average coordination numlper, Khere = 0.05
are several of these evident in ternary Se-based glass alloys.
Examples are the glass transition temperature, softening tempt
ture, elastic constants, measures of hardness, and Se-H specti
hole-burning relaxation. Most of these rules cover behavior tha
is nearly static and on a macroscopic length scale. Our neutror
scattering experiments extend the range of times involved in
these rules by many orders of magnitude. We have identified a
simple feature in the dynamics of chalcogenide glasses, the vit
tional isocoordinate rule (VIR), which states tbatto some
frequency the vibrational density of states (VDOS) is the same 1ui
alloys having the same <r>[2]This observation extends the FIGURE 1. There are two or three experimentally-determined VDOS
fme scale for the operation of such ules 10 the picosecon 42 % e ot caraton tamer o LSt e
regime and the length scale to a few bondlengths. Se/As/Ge compositions are: <r>=2.16: 92/0/8, 89/6/5, 84/16/0;

<r>=2.4: 80/0/20, 68/25/7, 60/40/0; <r>=2.8: 51/18/31, 40/40/20, 30/60/10,

and <r>=3.2: 25/30/45, 18/45/37. Data for increasing <r> have heen
successively displaced upward by 0.025 meV-'.
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mode Appaently theVIR holds whennetwork connectiity and The contusions of this eseach ae twofold: (1) The
VIR is followed dosely acioss the ente glass-6rming region of
the Se-As-Ge phase diam,with the eception of a small

not shot-range oderis impotant.
A clear dgpatture from theVIR for <r> = 2.6 is shan in
Fig. 2. The GVDOS of the Mver curwe, which deatly follows the region along and near the Se-As lirgr As-rich compositions.
trend of fig. 1,is for SgAs, Ge,s. The upper cure displging (2) Highly urusual beheor is obseved for AsSe,, indicaing
several shap feaures is br glassyAs,Se,. Suprisingly, these the formaion of molecular stes or small stictural units.The
fedures ae not @ident in Raman scans in this glashe oigin combindion of (1) and (2) is iniguing, and mg be elevant to
of these édures is not gt cetain, but it is probale tha they unusual photoconéctive efects tharecenty have been obsged
in As-Se thin lms. Better undestanding of the stictural proper
ties of the Se-As-Geofms an impoved basisdr potential apli-

anise from a nanoscopic phaseps@tion of isolded molecules

within the glass tharetain their vell-defined molecular viks

tional modes. Evidence supfiag this viev is tha one can mak cdions.

several As Se, , glassesdr x = 0.5 which disply shap feaures
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FIGURE 2. The bottom curve: Se;;As;,Ge, 5 (FCS) follows the VIR.
The top curve: As;Se, (FCS) is an exception to the VIR. Both datasets are

for <r> = 2.6. The top curve is shifted up by 0.030 units on the vertical

scale.



